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METHODS OF TESTS FOR 
CRUCIBLE INDUCTION FURNACES 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 8 February 1982, after the draft finalized by the Industrial Electro- 
heating Equipment Sectional Committee had been approved by the Electro- 
technical Division Council. 

0.2 This standard lays down the test methods to determine the essential 
parameters and technical characteristics of electroheating installations 
comprising crucible induction furnaces. 

0.3 In preparing this standard, assistance has been derived from lEC 
Publication 646 ( 1979 ) *Test methods for crucible induction furnaces' 
issued by International Electrotechnical Commission. 

0.4 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard applies to electro-heating installations comprising indus- 
trial coreless ( crucible ) induction furnaces for melting and for holding a 
molten charge. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions in addition 
to those given in IS : 1885 ( Part Ll/Sec 1 )-1979t shall apply. 

2.1 Electroheating Installation with Coreless ( Crucible ) Indnction Furnace — 

Installation comprising the coreless ( crucible ) induction furnace and the 
electrical and mechanical equipment necessary for the operation and utiliza- 
tion of the furnace. 

The electrical installation comprises all electrical components including 
conductors and switchgear in the power control, and regulation circuits, 
situated after the main circuit-breaker ( see Fig. 1 ). 

♦Rules for rounding off numerical values ( revised ). 

tElecrotechnical vocabulary: Part LI Industrial electroheating, Section 1 General 
terms. 
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2.2 Compensated Circuit of the Furnace — The electrical circuit comprising 
the inductor and its compensating capacitor bank. 

2.3 Power of an Electroheatlng Installation ( Apparent Power Sn or Active 
Power Pn) — The electrical power calculated or measured at the input of 
the supply line, all the electrical parameters being at rated values. The 
apparent power Sn is calculated in kVA, The active power Pn is measured 
inkW. 

2.4 Power Factor of an Electroheatlng Installation — The ratio of the active 
power to the apparent power, measured at the input of the supply line. 

2.5 Holding Power of an Electroheatlng Installation P^ — Active power 
( Pm expressed in kW ) consumed by the installation, in order to maintain 
the rated charge at the rated temperature. 

2.6 Specific Energy Consumption (kWh/kg) — Ratio of the total amount 
of electrical energy ( kWh ) consumed by an elect roheating installation for 
heating, melting and possibility of superheating the charge to the weight of 
the rated charge ( kg ). 

2.7 Melting Rate of the Furnace of an Electroheatlng Installation (kg/h)— 

Ratio of weight of the charge ( kg ) brought to its final temperature to the 
total time (h) necessary for heatmg, melting and possibly superheating of 
the charge. 

2.8 Rated Values of an Electroheatlng Installation — The rated values of 
the installation are those for which it is designed and marked; the marking 
shall comprise the following: 

a) frequency /n (Hz), 

b) voltage t/n ( V ), 

c) supply ( single or three-phase ), 

d) active power P^ ( kW ), and 

e) apparent power Sn ( kVA ). 

2.9 Coreless ( Crucible ) Induction Furnace — Melting or holding furnace, 
without closed magnetic circuit, in which the heat is generated, directly in 
the charge or in the crucible containing it, by an inductor disposed around 
the crucible. 

2.10 Crucible — Receptacle containing the charge and made of refractory 
or conducting material. 

2.11 Induction Coil — Induction coil ( intended to be connected to a supply 
of low or medium frequency ) creating the magnetic field, which generates 
induced currents in the metal charge or in the crucible of conductive 
materials. 
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2.12 Coil Supporting Framework — Holding assembly for the induction 
coils, to prevent the heating of the surrounding construction. 

2.13 Rated Capacity of Furnace (in m^ ) — Volume of the specified 
nominal molten charge which the furnace may contain with the specified 
crucible dimensions under normal operating conditions and at rated power. 

2.14 Rated Charge ( in kg ) — Weight of molten specified charge correspon- 
ding to the rated capacity. 

2.15 Voltage of the Compensated Circuit of the Furnace U^ (V) — 

Voltage across the terminals of the input of the compensated circuit 
of the furnace. 

2.15.1 Furnace Voltage Uf ( V ) — Voltage across the terminals of the 
induction coil or system of induction coils. 

2.16 Furnace Current /p ( A ) — Current in the induction coil or the system 
of induction coils of a furnace at rated voltage, 

2.17 Furnace Frequency /f (Hz) — Frequency applied to the terminals of 
the furnace induction coils or the system of induction coils. 

2.18 Charge Temperature ( °C ) — The temperature of the material repre- 
senting the charge at a given moment. 

2.19 Final Charge Temperature 0chF ( °C ) — The temperature which the 
charge should reach immediately before tapping, 

2.20 Inlet Temperature of Coolant 0Fi C'C) — Temperature of coolant 
when entering the cooling circuit of the furnace. 

2.21 Outlet Temperature of Coolant 0fo ( °C ) — Temperature of coolant 
when leaving the cooling circuit of furnace operating under rated conditions. 

2.22 Ambient Temperature 0^ ("C) — Air temperature outside the furnace 
at a point sufficiently remote so that heat radiation or natural convection 
exert no influence. 

2.23 Furnace Duty in Rated Conditions (Rated Furnace Duty) — Furnace 
operation at the rated values ( voltage, frequency, power and rated 
capacity ) . 

2.24 Hot State of Furnace — State of a furnace after the charge attains the 
final temperature in the thermal steady-state of the furnace. 

2.25 Thermal Steady-State of a Furnace — Thermal state in which the 
whole energy input into the furnace is used for the compensation of 
thermal losses. 
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2.26 Cold State of Furnace — Thermal state in which the temperature of 
the furnace constructional component parts is equal to the ambient 
temperature. 

2.27 Intermittent ( Batch ) Operation of a Furnace — Operation in which 
a new melting cycle is started only after the tapping of the preceding 
charge. 

2.28 Continuons Operation of a Furnace — Operation during which the 
molten charge is continually withdrawn, and charge is continually added. 

2.29 Power of the Compensated Circuit — Electric power (apparent 
5c in kVA or active P^ in kW ) of the charged furnace, at the input of 
the compensated circuit. 

2.29.1 Furnace Power — Electric power ( apparent 5f in kVA or active 
Pf in kW ) of the charged furnace at the terminals of the induction coil or 
system of induction coils. 

2.30 Power Factor of Compensated Circuit — Ratio of the active power 
to the apparent power of the furnace, at the input to the compensated 
circuit. 

2.30.1 Power Factor of Furnace Inductor — Ratio of active power to 
the apparent power of the furnace, at the terminal of the induction coil or 
system of induction coils. 

3. TESTS 

3.0 General Conditions for Performance of Tests — The general conditions 
for performing tests shall be in accordance with 18:9021-1978*. 

3.1 List of Tests — For the assessment of an eiectroheating installation 
containing crucible induction furnace, the following tests shall be performed 
in the order given below: 

a) Electrical withstand test of induction coils ( see 3.2 ); 

b) Pressure test of water-cooled induction coils ( see 3.3 ); 

c) Flow test of water-cooled induction coils ( see 3.4 ); 

d) Measurement of power and power factor of the eiectroheating 
installation ( see 3.5 ); 

e) Determination of holding power of the eiectroheating installation 
( see 3.6 ); 

f ) Determination of specific energy consumption and melting rate of 
the eiectroheating installation { see 3.7 ); 

g) Measurement of temperature-rise of the coolant ( see 3.8 ); 



♦Specification for general test conditions for industrial electro-heating equipment. 
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h) Measurement of temperature of the furnace constructional 
elements ( see 3.9 ); and 

j) Measurement of temperature of charge ( see 3.10 ). 

3.2 Electrical Withstand Test of Induction Coils — This test shall be per- 
formed at mains frequency with a substantially sine wave voltage of 
2 t/„ + 1 000 V ( with a minimum of 2 000 V ) where Un is the rated voltage 
of the inductor. The voltage shall be applied between components which 
are live when the furnace is in normal operation and all metal parts 
accessible to touch are connected together and earthed. It shall be raised 
progressively within 10 seconds to its test value which should be maintained 
for one minute. 

The electrical withstand test for water-cooled furnaces is performed 
before the refractory lining is fitted and with the cooling water duct 
disconnected so that the components which are normally live during service 
of the furnace are not connected electrically to the metal housing of the 
furnace via the water. 

No breakdown or flashover of the insulation shall occur during these 
tests, 

3.3 Pressure Test of Water-Cooled Induction Coils — The test is to verify 
the integrity of the oooYmg water circuits. After closing the outlet of water 
circuits, the water pressure is raised to 150 percent of the pressure specified 
by the furnace manufacturer. This pressure is maintained for at least 
5 minutes. No water leakages should occur during these tests. 

3.4 Flow Test of Induction Coils — The test is to verify by means of an 
appropriate method that the cooling circuits of the coils will carry the 
specified flow without exceeding a specified pressure drop. 

3.5 Measurements of Power and Power Factor of an Electroheating 
Installation — The measurement of active power, shall be made by means 
of appropriate measuring instruments. The apparent power can be 
detemined from the measurement of the current and voltage. The measure- 
ments shall be carried out at rated duty and at the hot state of the furnace. 
The power factor can be calculated as the ratio of the active power and the 
apparent power. 

The accuracy class of the measuring instruments should be < 1*5. 

Note — The content of voltage and current harmonics when suflQciently reduced 
does not aifect the test result; in these conditions the power factor defined in 2*4 
becomes practically equal to the cos <^ measured by means of a cos ^ meter. In the 
case of a three-phase supply, it should be ensured that during those measurements 
currents in the three phases show no significant unbalance. It could be considered as 
a guide line that this requirement is met when the deviation of the current values 
from their mean value does not exceed ±10 percent. Where the out-of-balance of 
the three-phase line exceed ±10 percent, an appropriate and more accurate method 
must be employed. 
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3.6 Determination of Holding Power of an Elcetroheating Installation — 

The furnace, containing the rated charge, shall have been in normal 
operation for a sxiflScient time to ensure that it is in a hot state ( see 2.24 )♦ 
Throughout the test period, the final temperature of the charge shall be 
maintained as constant as practical. In addition to the temperature of the 
charge, the energy consumption of the furnace and the holding time are 
measured. The energy shall be measured at the input with an electrical 
energy meter. The holding power shall be calculated by dividing the energy 
by the time. 

The accuracy class of the measuring instruments shall be < 1*5. 

3.7 Determination of Specific Energy Consumption and Melting Rate of 
the £lectroheating Installation — The measurement shall be started after the 
furnace has been in operation for a suflScient time to ensure that it is in the 
hot state. 

3.7.1 The test shall be started immediately after a charge of the size of 
the test charge has been tapped from the furnace containing its rated 
charge. If the test charge is less than rated charge, the remaining charge 
shall be at the final temperature. In any case charging should be started 
immediately after tapping or after the remaining charge is heated up to its 
final temperature. 

3.7.2 During the operation of the furnace, the electrical energy consumed 
shall be measured by means of an electrical energy meter, connected at the 
input of the installation. Also, the time during which the furnace is switched 
on (that is, the time of heating of the charge), as well as the charge 
temperature, shall be measured at the beginning of the charge and before 
tapping, in order to prevent excessive overheating of the charge which 
should be tapped immediately after reaching its final temperature. When 
the melting and eventual superheating are completed, the test charge shall 
be tapped, and at least three more successive melts shall be carried out in 
the same manner. 

3.7.3 The specific energy consumption shall be calculated by dividing the 
energy consumed during the described measuring cycle (subtracting the 
time the furnace has been out of operation ) by the weight of the charge 
furnished by the furnace during this time. The value to be adopted is the 
arithmetic mean of the specific energy consumption values from the tests. 

The melting rate of the furnace is calculated by dividing the weight of 
the charge furnished by the furnace during the measuring cycle described 
above, by the duration of this cycle. The value to be adopted is the 
arithmetic mean of melting rate values determined during tests. 

Note — Thermal losses due to opening of lids and power-off-times during the 
tests may strongly influence the results during the test. They should be kept at 
minimum and must be taken into consideration for evaluating the results. 

8 
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3.8 Measurement of Temperature-rise of the Coolant — This test shall be 
carried out in the hot state of the furnace ( see 2,24 ) operating under rated 
conditions ( see 2.23 ) at the end of the test in 3.7. The temperature shall 
be measured by thermometers or equivalent devices placed at the inlet and 
outlet of the circuit, readings being taken every 5 minutes over at least a 
30 minutes period. The difiference between the average temperature values 
read at the inlet and outlet will give the temperature-rise value. 

3.9 Measurement of Temperature of Furnace Constructional Components — 

This test shall be carried out directly after the test in 3.7. The temperature 
at different points of the external surfaces of the walls of the furnace 
housing shall be by means of a contact thermocouple, thermometer, or 
equivalent device. 

3.10 Measurement of Temperature of the Charge — This measurement shall 
be carried out by means of a thermocouple. The instrument used shall have 
a measuring accuracy of at least ±\fC within the range from 300 to 
1 OOO^C and of ±20°C above 1 000°C. Care should be taken to ensure 
that the measuring element is properly inserted in the molten metal. 
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Examples for installation of compensated circuits: 

1) Induction coil ( may be several coils in series or parallel ). 

2) Connections ( busbars, cables, flexibles ) represent active and 
reactive impedances. 

3) Compensating capacitors. 

4) Voltage adjustment transformer. 

IB EXAMPLE OF INSTALLATION OF COMPENSATED CIRCUITS 

Fig. 1 Explanatory Diagrams for Symbols and Definitions 
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